Electro-convulsive therapy was first used extensively in 1939, and with such success that three years later Kolb and Vogel (1942) in a survey of the United States reported its use in 42 per cent of mental hospitals and in the treatment of 2-3 per cent of all mental hospital patients; this latter group was comprised of the schizophrenias, the manic-depressive states, involutional melancholias, and the psychoneuroses. As convulsant treatment is now of established value in the affective neuroses and as electric shock has largely superseded insulin and metrazol as a convulsant, it seemed pertinent to attempt some assessment both clinically and electrocardiographically of its effect on the cardiovascular system. These observations consisted of a clinical history (which by the nature of the psychiatric condition was not always complete), a routine examination of the cardiovascular system and electrocardiograms (standard leads only) both before and after the convulsion. The second cardiogram was taken in the recovery phase directly after the clonic movements had ceased; in some instances there was slight delay due to uncontrollable spasmodic movements. The patients in this series were not specially selected; a quarter were observed during their initial treatments.
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The convulsant apparatus used was that of Strauss and MacPhail (1946) , which by means of a rapidly discharging condenser yields the higher voltages at the start, thereby overcoming the initial resistance, and as only minimal energy is then necessary to induce the fit, the equally rapid damping minimizes subsequent neuronic bombardment. The time factor is therefore of less importance and the dosage is reckoned in Joules or total energy rather than in in volts: this varies according to weight and general fragility; the usual dosage in this series was 18 Joules diphasic. A monophasic discharge yields a quieter recovery but is less certain in inducing a convulsion. The electrodes, soaked in 20 per cent saline, are applied to the temples, anterior to and a little above the external auditory meati. The duration of the shock is, variable, lasting about 0 35 sec.; unconsciousness is instantaneous and is succeeded by a tonic phase, thence a clonic phase, which in turn is followed by exhaustion and relaxation or irritability, from which consciousness is recovered in from four to fifteen minutes-a consciousness clouded by disorientation and amnesia. Occasionally the shock may produce a " stun" only, the patient remaining conscious. Successive "-stuns " may induce cardiovascular collapse. The average duration of the tonic phase, as observed in 22 patients, was 16 seconds, of the clonic phase 25 seconds. The length of the tonic period bore no relationship to that of the clonic. Directly after the shock oxygen was administered by mask, and as the tonic phase is short, cyanosis was not observed.
REsuLTs
Fifty-one patients, of whom 38 were women and 13 men, were observed before and after 63 electroconvulsions. The presenting psychiatric symptom in 82 per cent was depression. The average findings in pulse rates and blood pressures are set out in The cardiographic changes following convulsion are summarized in Table H : the main features are increase in the height of the P wave in lead II, prolongation of the P-R interval, increase in the amplitude of the T waves in leads II and III, and less frequently diminution of R I and depression of S-T II (see Fig. 3 ).
An increase in height was usually greater in lead II varying between 0 5 and 2-5 mm. Among less frequent changes were increased prominence of S II and S III in 5 patients, intraventricular delay in two patients unassociated with prolongation ofthe P-R interval; 12 patients showed premature beats, in 4 of whom they were observed only after the convulsion, these consisted of auricular, nodal, and ventricular premature beats.
Where subsequent cardiograms were taken the pattern had reverted to the original ten minutes later.
DIscUSSION
Increased amplitude of P II and T II and slight downward displacement of S-T II together with tachycardia are all encountered in the healthy adult following exercise (Table II) , and seem best explained as the result of those processes entailed in muscular activity. As to the decrease in size of R I, this with a trend to right axis deviation is also an accompaniment of exercise in a proportion (Wood and Wolferth, 1931) , perhaps more frequent in the less fit psychiatric patients. P II elevation presumably indicates some degree of right heart strain. Some further explanation is necessary for the slight prolongation of the P-R interval, encountered in 52 per cent, as opposed to the shortening frequently accompanying increase in the heart rate, as also for the occurrence of intra-ventricular delay. That this slowing of A-V or bundle branch conduction, in the presence of tachycardia, is due to vagal action seems most unlikely.
Two patients previously showing some lengthening of the P-R interval following convulsion, were given atropine 1/50 of a grain before a subsequent fit and in both instances the P-R delay was again present (Fig. 4) . Two further possibilities present themselves, firstly, that the lowered conductivity is caused by anoxia or secondly, is an after-effect of adrenaline. Anoxia produces increase in excursion of the P waves, the P-R interval may be lengthened. the S-T segment may be depressed and the T waves group.bmj.com on October 21, 2017 -Published by http://heart.bmj.com/ Downloaded from lowered (Graybiel and White, 1946) . Although the tonic phase of the convulsion is short and oxygen is administered from the beginning, and although cyanosis has not been remarkable, the possibility of anoxia being a factor in the production of the lowered conductivity of the bundle cannot be excluded. Alternatively, adrenaline in the experimental animal (cat) may produce partial heart block and bundle branch block after the preliminary acceleration; this, of course, in hyper-physiological concentrations. As electric shock produces a synchronous discharge such as never occurs naturally and as the passage of the current is not far removed from the prefrontal areas, it is conceivable that a very high adrenaline concentration temporarily results. Adrenaline may also be the cause of cardiac irritability, shown by ectopic beats, as occurred in a patient with a chromaffin adrenal tumour described by Espersen and J0rgensen (1947) . Anoxia, however, seems the more likely factor in producing the P-R prolongation and intraventricular delay. Bellet, Freed, and Dyer (1939) found noteworthy cardiographic changes in two-thirds of 58 insulin shock treatments in 40 patients, namely depression of S-T segments, diminution in the height of the T waves, prolongation of the Q-T interval and various arrhythmias including shifting pace-maker, sinoauricular block, auricular extrasystoles, and auricular fibrillation. The auricular fibrillation occurred in two patients and lasted for four and twenty-four hours respectively. Similar changes were observed by Hadorn (1937) , who in addition found the P-Q interval lengthened in 10 per cent. Nyman and Silfverskibld (1943) stress the similarity of the electrocardiographic findings after electroplexy and those produced by the Valsalva experiment, with the exception of the markedly increased heart rate in the former. In a series of 13 patients they found increased amplitude of P II (69 per cent), diminished R I in all patients and increase in T 11 (69 per cent), with return to normal after a few minutes. They postulate that the increase in intrathoracic and intra-abdominal pressure occurring in electric convulsions produces these changes. Kolb and Vogel (1942) state that the deaths resulting from electroconvulsive therapy were 0 5 per 1000 compared with 1 per 1000 for metrazol and 6 per 1000 with insulin. Of six fatalities reviewed by Napier (1944) one was ascribed to myocardial degeneration, which was confirmed at autopsy; death occurred half an hour after the convulsion. Ebaugh, Barnacle, and Neuberger (1943) describe two deaths following electric convulsions; the first patient, aged 57 years, had anginal pain directly after the thirteenth treatment and died an hour and a half later; the autopsy revealed extensive coronary atheroma and a recent thrombosis. A previous electrocardiogram had been reported as normal. Their second patient, who had been treated with curare, died of respiratory failure. Death has also resulted from massive pulmonary cedema, two days after the second convulsion in a 35-year-old negro, who post-mortem showed meningo-vascular syphilis (Gralnick, 1945) .
There was little evidence of cardiac or circulatory embarrassment resulting from electroplexy, nor was an important arrhythmia encountered in our cases, the majority of which, however, had normal or near normal hearts. None the less, in one patient with chronic bronchitis and early failure, and in the three patients with severe hypertension nothing untoward occurred. The dramatic nature of the treatment may have over-emphasized its potential dangers; although it is obviously undesirable that a patient with a history or cardiographic evidence of coronary disease should be submitted to electro-convulsive therapy, on occasion psychiatric indications may outweigh this consideration. Perhaps the risk from electroplexy, off set by curare and the particular avoidance of anoxia, is not so great as at first seemed likely. Certainly there is less danger of arrhythmia than from insulin produced convulsions. In the presence of valvular disease the possibility of precipitating auricular fibrillation exists but is probably slight. SUMMARY "Steepwave" electroplexy produces moderate tachycardia and little sustained change in blood pressure. With oxygen inhalation there is no obvious cyanosis. The degree of increased venous pressure during the fit is difficult to assess, but it has not been persistent clinically.
The cardiographic changes in 51 patients observed after 63 convulsions consist of elevation of P II and T II and slight increase in the P-R interval in half; R I was diminished and S-T II slightly lowered in less than a third; S II and S III were more prominent in 10 per cent; 2 patients (4 per cent) showed intraventricular delay; 4 patients (8 per cent) had heterotopic beats after the convulsion only.
It is suggested that the changes in P II, T II, R I and S-T II are the result of " muscular activity " and that the delay in auriculo-ventricular and intraventricular conductivity may be the result of anoxia.
Patients of middle age or over should have cardiograms before electroplexy is undertaken. Although evidence of coronary disease is a strong contraindication, on occasion psychiatric considerations may be so imperative as to override this.
